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712a Wednesday, February 29, 2012in the wheat-germ-extract (WGE) cell-free system, showing that the ring can
be formed with the c subunit produced with a WGE cell-free system. Then,
solid-state NMR analysis was carried out. Two-dimensional 13C homonuclear
correlation with DARR and 2D Ca(iþ1)-Ca(i) correlation experiments were
performed under MAS. The assignment was carried out, using fully 13C,
15N labeled TFoc and partially
13C, 15N labeled TFoc. The assignment strategy
and the obtained structural information on the basis of the assignment and
magnetization transfer will be discussed.
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Mechanical transmission between the membrane-bound rotary motor Fo and
the aqueous F1 component of ATP synthase is essential for converting the ther-
modynamic potential from the concentration gradient of cations (Naþ or Hþ)
into the conformational transition required for ATP synthesis. Previously we
have conducted molecular dynamics simulations of the membrane-bound Fo
sector with explicit lipid bilayer, in which the particular interest was to observe
the onset of helix motion in the c ring upon the change of the protonation state
of Asp61 of the c1 subunit. We have investigated the influence of transmem-
brane electric fields of the structure and dynamics of the a-c complex, and
from the correlation map analysis we found that the correlated motions of res-
idues in the interface of the a-c complex were significantly reduced by external
electric fields. We have also shown lipid shell-dependent deuterium order pa-
rameter (SCD) profiles and diffusion propertie. To understand how the mechan-
ical transmission is enabled, we first constructed a model with the c-ring of Fo
and the g-stalk of F1 via the protein-protein docking approach, and then con-
ducted molecular dynamics simulation to relax the entire complex and to ob-
serve the interactions between these two subunits. We found that the
electrostatic interactions and van der Waals interactions contributed nearly
equally for stabilizing the c-g complex. Our simulations provide a structural
and energetic basis for understanding the mechanical transmission inside the
ATP synthase.
Lin, Y.-S.; Lin, J.-H*.; Chang, C.-C.,‘‘Molecular Dynamics Simulations of
the Rotary Motor F0 under External Electric Fields across the Membrane.’’
Biophys. J. 2010, 98, 1009-1017.
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F1-ATPase is an ATP-driven rotary motor enzyme. The b subunit changes its
conformation from an open to a closed form upon ATP binding. The motion
in the b subunit is regarded as a major driving force for rotation of the
central-stalk. In this paper, we explore the conformational change of the b sub-
unit using all-atom free-energy simulations with explicit solvent and propose
a detailed mechanism for the conformational change. The b subunit conforma-
tional change is accomplished roughly in two characteristic steps: changing of
the hydrogen bond network around ATP and the dynamic movement of the C-
terminal domain via sliding of the B-helix. The details of the former step agree
well with experimental data. In the latter step, sliding of the B-helix enhances
the hydrophobic stabilization due to the exclusion of water molecules from the
interface and improved packing in the hydrophobic core. This step contributes
to a decrease in free energy, leading to the generation of torque in the F1-
ATPase upon ATP binding.
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Understanding the nature of energy transduction in life processes requires
a quantitative description of the energetics of the conversion of ATP to ADP
in ATPase. Previous attempts to do so have provided an important insight
but could not convert ( without the use of phenomenological parameters ) the
structural changes of the system to an energy-based description. Here we de-
scribe the use of a powerful coarse grained (CG) model with a realistic electro-
static treatment (1) in the analysis of F1-ATPase. Our model generates for the
first time , a structure-based free energy landscape that reproduced the energet-
ics of the mechanochemical process ( 2). It is found that the landscape along therelevant rotatory path is determined by the electrostatic free energy and not by
steric effects. Furthermore, the surface generates features that are consistent
with single molecule studies that identified 800 and 400 rotational substates,
without any prior information about such states in the simulation procedure.
The resulting effective surface of the conformational/chemical landscape iden-
tifies a hidden barrier that funnels the chemical reaction in the right direction.
Propagating Langevin dynamics simulations over our effective surface pro-
vides an exiting insight about the mechnochemical couplings to the catalytic
dwell. We also discuss the application of the same type of model in simulating
the action of helicases ( 3)
(1) B. M. Messer, M. Roca,Z. T. Chu, S.Vicatos, A. V. Kilshtain and A. War-
shel, PROTEINS,78, 1212-1227 (2010).
(2) S. Mukherjee and A. Warshel , PNAS submitted (2011).
(3)) H. Liu, Y. Shi, X. S. Chen, and A. Warshel , PNAS ,106,7449-7454 (2009).Membrane Transport
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Membrane permeability P to a solute is governed by the solubility of that solute
in a hydrophobic medium and by membrane viscosity m {Missner and Pohl}.
According to this solubility diffusion model an increase in membrane choles-
terol content tends to decrease P because, it decreases m. Using scanning elec-
trochemical microscopy, we show here that cholesterol may increase P for one
solute while it decreases P for another solute. To obtain some insight into the
molecular mechanism, we repeated our planar bilayer experiments in silico.
The molecular dynamics simulations revealed contrasting cholesterol effects
for the resistances which headgroup and tail regions of different bilayers offer
to transmembrane diffusion. If this membrane inhomogeneity is taken into ac-
count, i.e. if the solubility diffusion model is individually applied to the differ-
ent membrane regions, P may still be predicted from partition coefficient and
viscosity.
Missner, A., and P. Pohl. 2009. 110 years of theMeyer-Overton rule: Predicting
membrane permeability of gases and other small compounds. ChemPhysChem
10: 1405-1414.
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Passive diffusion of small-molecule species across the cell membranes is an es-
sential step in drug delivery since molecules that can easily permeate the
plasma membrane have high oral bioavailability. There are several techniques
for characterizing the passive transmembrane transport of small molecules;
however, there are many instances in which these techniques produce widely
varying results. For instance, literature values for the permeabilities of low-
molecular-weight carboxylic acids across phosphatidylcholine membranes
span three orders of magnitude.
We have developed a technique for precisely quantifying lipid membrane per-
meability to small molecules based on imaging of the concentration field sur-
rounding giant unilamellar lipid vesicle (GUV) membranes. High-speed
spinning disk confocal microscopy can be used to image dynamic changes in
the concentration field and precisely measure permeabilities as fast as 0.2
cm/s. This technique can be used to measure the transport of both dye-
containing species and species that result in a change of fluorescence intensity
of a dye molecule. For instance, by using a pH-sensitive fluorophore, the trans-
port of non-fluorescent carboxylic acid molecules can by observed.
This technique can be combined with direct imaging of the membrane to simul-
taneously measure distinct transport rates across different phase-separated re-
gions of a lipid vesicle. We have also imaged transport across GUVs with
compositionally asymmetric membranes. These GUVs are formed in a multi-
phase microfluidic flow system in which the composition of each leaflet of
the membrane can be controlled independently. We have measured proton
and carboxylic acid transport across membranes with charge asymmetry. Early
results show that the permeability of membranes with charge asymmetry de-
pends on the direction in which small molecules and proton species are moving
with respect to the membrane.
